Initially submitted July 28, 2009 ; accepted for publication December 21, 2009 . This ongoing prospective study examined characteristics of school neighborhood and neighborhood of residence as predictors of sick leave among school teachers. School neighborhood income data for 226 lower-level comprehensive schools in 10 towns in Finland were derived from Statistics Finland and were linked to registerbased data on 3,063 teachers with no long-term sick leave at study entry. Outcome was medically certified (>9 days) sick leave spells during a mean follow-up of 4.3 years from data collection in [2000] [2001] . A multilevel, cross-classified Poisson regression model, adjusted for age, type of teaching job, length and type of job contract, school size, baseline health status, and income level of the teacher's residential area, showed a rate ratio of 1.30 (95% confidence interval: 1.03, 1.63) for sick leave among female teachers working in schools located in lowincome neighborhoods compared with those working in high-income neighborhoods. A low income level of the teacher's residential area was also independently associated with sick leave among female teachers (rate ratio ¼ 1.50, 95% confidence interval: 1.18, 1.91). Exposure to both low-income school neighborhoods and low-income residential neighborhoods was associated with the greatest risk of sick leave (rate ratio ¼ 1.71, 95% confidence interval: 1.27, 2.30). This study indicates that working and living in a socioeconomically disadvantaged neighborhood is associated with increased risk of sick leave among female teachers. environment and public health; faculty; health; prospective studies; residence characteristics; sick leave; socioeconomic factors Abbreviations: ATC, Anatomical Therapeutic Chemical; ICD-10, International Classification of Diseases, Tenth Revision; MMR, median mean ratio; RR, rate ratio.
Place of residence, when characterized by socioeconomic disadvantage, has been shown to be associated with increased morbidity, mortality, and health risk behaviors (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Neighborhood deprivation is also related to child abuse and behavioral problems among children and adolescents (9) (10) (11) (12) (13) (14) . However, there is a lack of research on the health of people who work and interact with residents from deprived neighborhoods, such as teachers, nursery personnel, health-care personnel, and social workers. As the majority of adults spend a considerable proportion of their waking hours at work, the socioeconomic characteristics of the neighborhoods they work in, in addition to the characteristics of the place of residence, may affect their health. In schools, poorer resources, disadvantageous physical environment (e.g., poor repair of the school building), and problems of the children and their families in deprived neighborhoods may affect teachers' health and wellbeing.
A cross-sectional study from the 10-Town Study, Finland, suggests that teachers who work in schools located in neighborhoods with low income report a higher prevalence of mental disorders, heavy alcohol use, and poorer psychosocial working conditions than teachers who work in the wealthiest neighborhoods (15) . In a cross-sectional study of French teachers, a socioeconomically underprivileged school neighborhood was related to high rates of occupational burnout symptoms (16) . However, the direction of causality in these studies remains unclear as teachers with preexisting health problems may have been selected to work in less attractive schools. Furthermore, the extent to which this association is redundant to health influences arising from teachers' own residential neighborhoods or whether the association between the teacher's residential neighborhood and absence due to illness even exists is not known.
In the present study, we prospectively examined the relation among the income level of the school neighborhood, the income level of the teacher's neighborhood of residence, and long-term sick leave among lower-level comprehensive school teachers.
MATERIALS AND METHODS

Sample
Data were obtained from the 10-Town Study, an ongoing research project on the health of local government personnel in Finland (15, 17) . The study was approved by the Ethics Committee of the Finnish Institute of Occupational Health. Annual register data were available for all 226 lower-level comprehensive schools in the 10 towns. According to school records, 3,236 teachers had a full-time contract to these schools during the data collection in 2000-2001. Of these, 125 had a follow-up time of less than 6 months after the study baseline, 1 teacher was on pension, 39 were on longterm (>9 days) sick leave at the beginning of the study, and 8 had missing postal ZIP code data. These teachers were excluded from analyses, resulting in 3,063 teachers for this follow-up study.
School neighborhood income level
In Finland, the education of children aged 7-12 years takes place in the lower level of comprehensive school, and practically all of this education is provided by municipalities (the corresponding provider in many other countries is the state). The town is usually divided into school districts, and more than one neighborhood is included in each district. School districts are determined by the municipal authorities. In 9 of the 10 towns participating in this study, information about which specific neighborhoods each of the participating schools covered was obtained from the school authority or, in 2 schools, the information was derived from the city map. In one town, residents were free to choose whichever school they liked, and therefore the data for each school on the distribution of children according to their residential areas were obtained from school authorities. Altogether, 622 neighborhoods were identified in the participating towns, the average number of neighborhoods for one school being 2.75. Information on the income level of each neighborhood was obtained from the nationwide register of Statistics Finland (i.e., official Finnish government statistics) and included data on the mean income of all permanent residents in Finland on December 31, 2000. In cases in which the school district included more than one neighborhood, the indicators of the neighborhood income level were weighted by the number of children aged 7-12 years within each area. This was done because neighborhoods were of different sizes and, in addition, because the age distribution varied between neighborhoods, some of them being dominated by elderly residents and some dominated by families with children. For analyses, the scale of school neighborhood income level was divided into quartiles.
Teacher's residential neighborhood income level
We obtained information on the teacher's residence (postal ZIP code) from the employers' registers. Teachers lived in 393 different postal ZIP code areas. These data were linked to the Statistics Finland neighborhood indicator (average monthly income of the residents) for each postal ZIP code. Teachers'residential income levels were then divided into quartiles as were school neighborhood income levels.
Baseline characteristics
All information on workplace (school code), demographics (age, sex), occupation (ordinary classroom teacher/ special education teacher), job contract (permanent/fixed term), job tenure (length of the present job contract), school characteristics (school size, as expressed by the sum of person-years within the past year), and the postal ZIP code of the teacher's residence was obtained from the employers' registers.
The presence of chronic diseases at the beginning of the follow-up was determined by using national health registers. Data on baseline physical disease, indicated as treated hypertension (International Classification of Diseases, Tenth Revision (ICD-10) (18), codes I10, I11, and I15), cardiac failure (code I50), ischemic heart disease (code I20), diabetes (code E11), asthma or other chronic obstructive lung disease (code J45), rheumatoid arthritis (codes M05 and M06), and mental disorders (codes F00-F99, chronic and severe conditions), were obtained from the Drug Reimbursement Register kept by the Social Insurance Institution of Finland. It contains individual-level information on entitlements to special reimbursement for the cost of medication for certain chronic illnesses. Information regarding malignant tumors (codes C00-C97) diagnosed during the preceding 4 years prior to the beginning of the follow-up was obtained from the Finnish Cancer Register, which covers all diagnosed cancer cases in Finland. Entitlement of special reimbursement for at least one of the chronic diseases listed above or the presence of cancer was considered as an indicator of treated chronic disease.
Baseline treatment for mental disorders was defined as purchases of antidepressant medication, sick leave due to psychiatric illness, psychotherapy, or psychiatric hospital care during the preceding 4 years from baseline. Information on purchases of antidepressant medication was obtained from the Drug Prescription Register of the Social Insurance Institution of Finland, which comprises outpatient prescription data classified according to the Anatomical Therapeutic Chemical (ATC) Classification System code (19) . The data included the exact dates of all purchases of antidepressants (ATC code N06A) and the corresponding defined daily dosages to calculate the maximum length of treatment. Cutoff for antidepressant use was 100 defined daily dosages during the 4-year period preceding the followup. Information on long-term sick leave due to psychiatric reasons and state-subsidized psychotherapy was obtained from the Social Insurance Institution of Finland, and information on psychiatric inpatient hospital admissions was obtained from the national register kept by the National Institute of Health and Welfare. ICD-10 diagnosis codes F00-F99 are assigned for each psychiatric sick leave, psychotherapy treatment spell, and hospital admission by the treating physician. Those positive in any of the abovementioned indicators of mental disorder were defined as cases of treated mental disorder.
Outcome: long-term sick leave
We retrieved data on long-term sick leave from the national register of the Social Insurance Institution of Finland. According to Finnish legislation, each worker is entitled to a sick leave benefit backed by a medical certificate after a waiting period of 9 days, in addition to the first day of illness, for a maximum period of 1 year. The municipal employer pays full salary for the first 9 days for all employees with more than 2 months' job contract. In the present study, all participants had a job contract of more than 6 months. A unique identification number assigned to each Finnish citizen is used for all contacts with the social welfare and health-care systems and was used to link the cohort to records on sick leaves and baseline health characteristics.
Statistical analysis
Differences in the baseline characteristics of the participants were analyzed according to the level of school neighborhood income with the use of cross-tabulations, analysis of variance, and chi-square tests. Because individuals (teachers) were nested in school neighborhoods and also in their neighborhood of residence (postal ZIP code areas), we used a multilevel, cross-classified data structure with the neighborhood variables at the second level (20) . We used logistic regression models to study the association of school neighborhood income and dichotomous outcomes, with results expressed as odds ratios and their 95% confidence intervals, and Poisson regression models to examine the risk of long-term sick leave and to estimate the rate ratios (RR) with their 95% confidence intervals. We also counted the variance components (random effects) of sick leave at follow-up in all models to estimate the school-level and residential-level variance (21) .
We found a significant interaction between school neighborhood income level and sex (P ¼ 0.023) and between teacher's residential neighborhood income level and sex (P < 0.001) predicting sick leaves. The analyses were therefore conducted separately for men and women. The models were adjusted for age, type of teaching job, type and length of job contract, school size, and baseline health indicators. The median mean ratio (MMR) was calculated to translate the neighborhood level variance in the odds ratio scale (22) . The MMR is always !1. If the MMR is 1, there is no secondlevel variation.
Finally, we calculated a combination variable of school neighborhood income level and residential neighborhood income level as follows: both school and residential income levels in the highest quartile, only school income level in the lowest quartile, only residential income level in the lowest quartile, both income levels in the lowest quartile, and other combinations. The joint effects of school neighborhood and residential neighborhood income level on the risk of longterm sick leave were evaluated by calculating a synergy index (23) and its 95% confidence intervals (24) . The synergy index is equal to the calculation of [RR(
, where A and B denote the presence of the 2 risk factors, and a and b are designated as the absence of the risk factors, respectively. A synergy index of 1.0 implies perfect additivity, and >1 indicates a synergistic interaction. All statistical analyses were performed with SAS, version 9.2, statistical software (SAS Institute, Inc., Cary, North Carolina) applying the Glimmix procedure in the multilevel models. Table 1 shows descriptive statistics of the study variables by school neighborhood income level. Teachers working in the wealthiest areas had longer job tenure with the present employer, and they worked more often in large schools than did teachers working in the low-income areas. Most of the teachers lived in a neighborhood with an income level quite similar to the neighborhood they worked in. Sixty-four percent of teachers who worked in the wealthiest areas also lived in neighborhoods with a high income, and 32% of teachers working in the lowest-income neighborhoods also lived in the poorest areas.
RESULTS
The associations between school neighborhood income level and treated physical and mental disorders at baseline are presented in Table 2 . In the adjusted model, no relation was found for physical or mental disorders. No association between the income level of the teacher's residential neighborhood and baseline physical and mental disorders was found (results not shown). The null findings were replicated when the 39 teachers who were on sick leave at baseline were included in the analyses (results not shown).
The associations among school neighborhood income level, the income level of the teacher's neighborhood of residence, and long-term sick leave among women are shown in Table 3 . A low-income level of the school neighborhood was related to a 1.26-fold risk, and a low-income level of the teacher's residential neighborhood was related to a 1.42-fold risk of sick leave before adjustment for covariates (baseline demographics, school size, and health indicators). The associations were stronger after adjustment for covariates (RRs ¼ 1.30 and 1.50). When testing the trend by entering the categorical neighborhood income level variable into the model as continuous, we found a stronger trend for residential neighborhood income level. Regarding the school neighborhood income level, the risk seemed to be related only to the lowest neighborhood income quartile.
The 2-level random effect was divided into the variance at the school level and at the residential level. In the association between school neighborhood income level and longterm sick leave, the variance at school level decreased by 16% after including both neighborhood income level variables in the model (variance ¼ 0.058 vs. 0.049) but remained statistically significant. The school-level median (Table 4 ), neither school neighborhood income level nor teacher's residential income level was associated with long-term sick leave. A lower rate of absence was found in men living in neighborhoods with the second highest income level when compared with those living in the highest income level, but the association attenuated to nonsignificant after adjustment for school neighborhood income level. School-level variance but not residential variance remained statistically significant throughout the adjusted models. MMRs among men were slightly stronger than those found for women. Table 5 presents the effect of the combination of low school and residential neighborhood income levels on sick leave in women and men. When exposed to the lowest income level in both, a 1.71-fold risk was found for absence among women compared with exposure to the highest income level in both neighborhood variables. No corresponding association was found for men. Among men, exposure to ''other combinations'' was associated with a slightly lower rate of absence (RR ¼ 0.65, 95% confidence interval: 0.42, 1.00; P ¼ 0.049) than exposure to a high income level in both neighborhood variables. The synergy index for women was 1.01 (95% confidence interval: 0.48, 2.09), suggesting an additive but not synergistic effect of the combination variable of school neighborhood and neighborhood of residence on sick leave.
DISCUSSION
In this prospective study of school teachers, we found a 1.30-fold risk of long-term sick leave among female teachers who worked in schools that were located in socioeconomically disadvantaged neighborhoods. The effect of school neighborhood was robust to adjustment for income level of the teacher's neighborhood of residence. A large part of the teachers working in the most deprived neighborhoods also lived in the low-income neighborhoods (32%), and the majority of the teachers working in the wealthiest neighborhoods also lived in the wealthiest neighborhoods (64%). Among women, we found an independent effect of the teacher's own residential neighborhood on sick leave, and the MMRs of 1.35-1.43 suggest a slightly stronger association of residential neighborhood than school neighborhood (MMRs ¼ 1.23-1.26). However, a 1.71-fold increase in absence was found for those female teachers who both worked and lived in disadvantaged neighborhoods, compared with their colleagues who worked and lived in the wealthiest neighborhoods. However, the synergy index of 1.01 (95% confidence interval: 0.48, 2.09) suggests an additive rather than synergistic effect of a combination of the 2 neighborhood variables. We found no evidence to suggest that either school or residential neighborhood would affect absence in male teachers. The result may relate to sex differences in the perception of social environmental problems; that is, women have been found to be more likely than men to view environmental problems as concerns (25, 26) . Furthermore, the observed sex difference may be related to different exposures to various aspects of school and residential environments. Traditional sex roles, the male role emphasizing strength, independence, and invulnerability and the female role emphasizing softness and social relationships, may increase women's exposure and vulnerability to the adverse effect of the school environment (16) . Finally, the associations between neighborhood disadvantage and long-term sick leave among women may also relate to the combined demands of work and home life, resulting in a higher level of strain among women (27) .
Mechanisms that link school neighborhood characteristics with teachers' health may be related to multiple compositional and contextual factors, including poorer school resources and related psychosocial work environment on the one hand, and problems of the children and their families and related emotional load on the other. Emotional labor, which refers to the quality of interactions between employees and clients (e.g., patients, customers, and children) in human service work, has been shown to relate to burnout and psychosomatic complaints among employees (28) . Burnout, in turn, has been found to associate with long-term sick leave (29) . Teachers, while being experts in teaching, may not always have the psychological or ''therapeutic'' resources needed for dealing with the various social and emotional challenges their pupils face today (28) . In an earlier study of the present cohort, we found that measures of the features of school functioning, that is, work group meeting frequency and participation in occupational training, were poorer in schools located in disadvantaged neighborhoods (15) . Teachers in those schools also reported a higher mental workload and lower teaching efficacy than did their colleagues working in the well-off neighborhoods.
Children and adolescents spend a large amount of their time in neighborhood settings, including schools. In Finland, children aged 7-12 years are usually directed to attend the school located nearest to their home. Socioeconomic neighborhood disadvantage has been linked to children's mental health and behavioral problems, as well as poor school achievement [9] [10] [11] [12] [13] [14] . In addition to material disadvantage and also the social and psychological problems arising from deprivation, one of the mechanisms may relate to lower ''social capital'' in lowincome areas (14, (30) (31) (32) . Social capital has been defined as those features of social organizations-such as networks of secondary associations, high levels of interpersonal trust, and norms of mutual aid and reciprocity-which act as resources for individuals and facilitate collective action (30) . In our study, 52% of the teachers working in the wealthiest areas had a job tenure of over 5 years, while the corresponding percentage among teachers working in the low-income areas was 27%. This disparity indicates that long-term commitment to a specific school among teachers may be higher in schools that are located in wealthy neighborhoods. A high turnover and sick leave rate among teachers may weaken the quality of the relationship among teachers, children, and families that, in turn, may weaken the collective efficacy in the school community. This may also have adverse consequences for the learning outcomes of the children that may perpetuate social and economic inequalities and health inequalities later in the life course. Regarding strengths and limitations, as far as we are aware, this is the first prospective study on the present topic. Unlike in an earlier, different study in this cohort (15), we were now able to use full record-based prospective data in assessing the effect of school neighborhood on the health of teachers. The baseline sample comprised teachers who had no long-term sick leave spells at the beginning of follow-up. As both the exposure and outcome were based upon independent register data, we avoided problems arising from the use of self-reports. We were also able to control for an important confounder-the income level of the teacher's own residential area. However, one of the limitations of our study is that we were not able to control for all potential individual-level risk factors for long-term sick leave, for example, marital status or household income of the teachers, but only those available in the registers. However, in Finland, all teachers have a master's degree, and the salary of municipal sector school teachers is based on a collective labor agreement, which leads to little variation in their salaries. The mean salary of lower-level comprehensive school teachers is higher than that of the Finnish employees on average (33) . Thus, the teachers studied were a relatively homogenous group in relation to the 3 most important socioeconomic indicators, namely, education, occupational position, and income. However, it is possible that a lone-parent teacher family or a teacher family with low per capita household income is more likely to live in low-income neighborhoods. In other words, the teacher's own residential area income level may be a proxy for household total income and wealth. Adjustment for residential area in the models can be considered as adjustment for residual variation in the teacher's own socioeconomic position. However, in the analysis with the exposure variable of teachers' residential neighborhood, lack of more detailed information on individual socioeconomic position may cause some inflation to the associations in case the teacher's socioeconomic position was systematically associated with residential income levels.
The register data on the prevalence of chronic diseases at baseline were based on physician contact and treatment. Although in Finland there is statutory access to health care for all residents, we may have misclassified undiagnosed and untreated individuals as well as those in monitoring or the surveillance phase. This may, however, cause bias only if substantial differences exist in help seeking among teachers according to school neighborhood income level. If teachers in the more disadvantaged areas were less likely to seek help than those in the wealthy areas, the association we found between school neighborhood disadvantage and health would be an underestimate. The opposite is true if teachers in the more disadvantaged areas were more likely to seek help.
The absence register of the Social Insurance Institution of Finland relies on absences granted by a physician and covers only sick leaves of more than 9 days. Thus, we were not able to examine the associations concerning shorter absences. We consider this a minor limitation since only long-term sick leave has been found to be a reliable indicator of serious health problems (34) . Finally, the study was performed in Finland where neighborhood differences are smaller than in many other countries, and that may to some degree limit the generalizability of our findings. 
